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A B B R E V I A T I O N S , C O N S T A N T S A N D N O M E N C L A T U R E xi
g acceleration due to gravity 9.8 m s stability function for momentum [-] In the 1980s, observations of the removal of ozone from the polar stratosphere and rapid scientifi c advances in understanding the chemical behaviour of a group of pollutants containing halogens lead to international action to curb the emissions of these compounds, with a view to avoiding ozone depletion of the stratosphere. Twenty years later we are faced with an equally pressing issue, for we now observe, and scientifi cally understand, the phenomena of global warming and climate change. Never before has the teaching, learning and researching of atmospheric science been so important. Not only must we now face up to the reality of global warming, but also to all the other effects of global atmospheric change, from changes in precipitation and storm frequency to changing air quality to the spread of vector-borne disease and the security of water and food supplies. To help society cope with these changes it is essential that we educate and train scientists to correctly understand and predict how the atmosphere, and its weather and climate, will change in the future. It Preface is also essential that we give easily accessible information to policy makers and the general public, to help them to evaluate scientifi c advice and to make decisions.
B B R E V I A T I O N S , C O N S T A N T S A N D N O M E N C L A T U R E
In putting this book together we have drawn on some of the best experts and educators in the fi eld of atmospheric science and we hope that their knowledge and enthusiasm shines through in these chapters. Our aim is to provide detailed information on the behaviour of the atmosphere, and prediction of that behaviour, not only to other atmospheric scientists, but also to scientists working and studying in the wider environmental sciences and to others who are interested in learning how their world works.
We are grateful to all the experts who have contributed to this book, for all reviewers' comments and to all our students over the years who have demonstrated the need for this volume.
Nick Hewitt Andrea V. Jackson
July 2008 The causes, history and distributions of the Earth's climates are introduced in this chapter. The combination of the distribution of incoming solar radiation across the Earth's surface and the Earth's rotation, drive and shape the observed atmosphere-ocean circulation. Important factors, which determine changes in climate, include palaeogeography, greenhouse gas concentrations, changing orbital parameters, and varying ocean heat transport. One of the major controls of climatic changes is the greenhouse gas concentration of the atmosphere, in particular that of carbon dioxide. Before the Eocene-Oligocene boundary (≈ 34 Myr ago) the atmosphere-ocean circulation supported a warm atmosphere and ocean, with both poles free of permanent ice. At the EoceneOligocene boundary the atmosphere-ocean circulation changed to a form similar to the present, and the fi rst evidence of an Antarctic ice sheet is found. Falling atmospheric carbon dioxide levels probably caused this change. The waxing and waning of massive temperate latitude continental ice sheets characterize the climate of the past million years. Recent climate changes are described and evidence produced that they are largely driven by anthropogenic generated atmospheric carbon dioxide. In particular recent climate changes are causing the expansion of the tropical zone and a retreat of the polar zones.
The major climate zones of the world are described, with particular attention to interannual variability, and the causes of droughts and heavy rainfalls. This includes discussions of the climatic effects of the North Atlantic Oscillation and El Niño-Southern Oscillation.
Basic climatology
The climate of a particular place is the average state of the atmosphere observed as the weather over a fi nite period (e.g. a season) for a number of different years. The so-called climate system, which determines the weather, is a composite system consisting of fi ve major interactive adjoint components: the atmosphere, the hydrosphere, including the oceans, the cryosphere, the lithosphere, and the biosphere (Fig. 1.1 ). All the subsystems are open and non-isolated, as the atmosphere, hydrosphere, cryosphere and biosphere act as cascading systems linked by complex feedback processes. The climate system is subject to two main external forcings that condition its behaviour, solar radiation and the Earth's rotation. Solar radiation must be regarded as the primary forcing mechanism, as it provides almost all the energy that drives the climate system.
The distribution of climates across the Earth's surface is determined by its spherical shape, its rotation, the tilt of the Earth's axis of rotation in relation to a perpendicular line through the plane of the Earth's orbit round the Sun, the eccentricity of the Earth's orbit, the greenhouse gas content of the atmosphere and the nature of the underlying surface. The spherical shape creates sharp north-south temperature differences, while the tilt is responsible for month-by-month changes in the amount of solar radiation reaching each part of the planet, and hence the variations in the length of daylight throughout the year at different latitudes and the resulting seasonal weather cycle.
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